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CHAPTER I 
INTRODUCTION 
Prior to 1958, fatty acid biosynthesis was thought to 
proceed via a reversal of the beta oxidation cycle (Lynen, 1953 
and suebert et al., 1957). Stadtman and Barker (1949 and 1949a) 
1 
were the first to demonstrate fatty acid synthesis in an in vitro 
system. They observed that a soluble preparation from Clostridium 
kluyveri catalyzed the formation of short-chain fatty acids from 
carbon-14 labeled acetate. Brady and Gurin (1952) and Dituri 
and Gurin (1953) reported the synthesis of long-chain fatty acids 
from acetate, using pigeon liver homogenates and later, particle-
free extracts. Adenosine triphosphate, NAD and coenzyme A were 
cofactors for the synthesis. Wakil et al.. (195 7) fractionated 
the supernatant from pigeon liver homogenates into four fractions, 
three of which (R R R ) l' 2' 4 were needed for fatty acid synthesis 
from acetate. Isolcitrate, ATP, NADH, NADP, magnesium ion and an 
-SH compound were required for synthesis with the purified fract-
ions (Porter et al., 1957). Gibson et al. (1958) found that 
bicarbonate was an absolute requirement for acetate incorporation 
into fatty acids with the purified enzyme preparations, although 
none was incorporated into fatty acids. Gibson et al. (1958a) 
also observed that if acetyl Co A was used instead of acetate as 
the fatty acid precursor, fraction R4 was not needed for fatty 
acid synthesis to prQceed. Presumably, the R4 fraction contained 
acetyl Co A synthetase. Gibson et al. (1958a) also found that 
. . ' 
\ 
2 
'. tht3 purified ~l and R2 fraction_s contained very little or none of 
the enzymes of the fatty acid oxidation seq~ence. The co-factor 
requirements and the lack of the fatty acid oxidation enzymes 
in fractions R1 and R2 suggested that fatty acid synthesis 
proceeded via a pathway distinct from the reversal of beta oxidation. 
Wakil et al. (1959) concluded that the ·overall reaction for fatty 
acid biosynthesis (palmitic acid) was: 
8 Acetyl-Co A + 16 ATP + 16 NADPH 
l 
.. +2 
.:.Mn 
(1) 
Palmitic Acid + 16 ADP + 16 Pi + 16 NADP + 8 Co A 
Formica and Brady (1959) helped to clarify the roles of R1 , 
R2 and HC03 by demonstrating that purified R1 (acetyl Co A 
carboxylase),,which contained biotin (Wakil et al., 1958), con-
verted acetyl-Co A into a product with the physical and chemical 
Properties of malonyl-Co A. The reaction was represented ~s 
follows: 
Acetyl-Co A + HC03 Malonyl-Co A (2) 
ATP 
The importance of this reaction for fatty acid biosynthesis 
was emphasized by·Brady (1958), Wakil and Ganguly (1958a) and 
Lynen (1961) who showed that malonyl-Co A was.converted to fatty 
acids. Thus, malonyl-Co A synthesis was established as the first 
step in fatty acid synthesis; this explained the role of HC03 
3 
and fractions R1 and R2 for fatty acid biosynthesis. The studies 
of Lynen et al. (1959) and Numa et al. (1964) with biotin-containing 
enzymes suggested that the acetyl-Co A carboxylase-catalyzed 
formation of malonyl-Co A involves a two step reaction, viz, 
ATP + HC03 + Biotin-enzyme · (3) 
co2-biotin-enzyme + ADP + Pi 
co2-biotin-enzyme + acetyl-Co A (4) 
biotin-enzyme + malonyl-Co A 
Waite and Wakil (1963) and Numa et al. {1964) isolated the 
co2-biotin enzyme-complex of acetyl-Co A carboxylase and demon-
strated the transfer of carbon-14-labeled co2 to acetyl-Co A to 
form carbon-14-labeled malonyl-Co A. Both reactions (3) and (4) 
above were inhibited by avidin. Later, Alberts and Vagelos (1968) 
showed that the acetyl-Co A carboxylase from Escherichia coli 
requires two protein fractions for activity. One of these contains 
biotin (Ea) and is carboxylated to form Ea-co2 • The other protein 
{Eb) catalyzes the transfer of Ea-co2 to acetyl-Co A to form 
malonyl-Co A. The Ea but not the Eb is inhibited by avidin. 
Martin and Vagelos (1962) and Vagelos et al. (1963) observed 
that purified acetyl-Co A carboxylase isolated from rat liver or 
adipose tissue requires citrate, isocitrate, or another di or tri-
carboxylic acid for activity. The activating effect of citrate 
is not related to chelation, or to the supply of substrate or 
\ 
cofactors for fatty acid synthesis. Martin and Vagelos (1962) 
and Vagelos et al. (1963) also found that the stimulation of 
acetyl-Co A carboxylase activity by citrate is associated with 
an increase in the sedimentation velocity of the enzyme. Gregolin 
et al. (1966) observed an interesting difference between purified 
rat and chicken enzyme. The rat liver acetyl-Co A carboxylase is 
obtained in an inactive, unaggregated form whereas the chicken 
liver enzyme is obtained in an active, aggregated form. In the 
absence of· isocitrate, chicken liver enzyme is inactivated by the 
assay medium but the addition of isocitrate immediately reactivates 
the chicken liver enzyme. 
Gregolin et al. (1966a) and Greenspan and Lowenstein (1967) 
observed that the monomer-polymer equilibrium state of acetyl-Co A 
carboxylase is dependent on the protein concentration, pH, nature 
of the assay medium and the presence or absence of ATP-Mg, citrate, 
acetyl-Co A and malonyl-Co A. Carboxylation of the enzyme has 
been found by Gregolin et al. (1966a) to favor dissociation. Two 
polymeric forms with molecular weights of 4 x 106 and 8 x 106 can 
be produced by aggregation in a phosphate buffer or a Tris buffer, 
containing isocitrate, respectively. Numa et al. (1967) found tha't 
ATP or magnesium ion produces a form intermediate between the large 
and small.molecular weight forms. Ryder et al. (1967) reported 
preliminary evidence indicating that the monomeric unit of the 
carboxylase is composed of four polypeptide chains each of about 
100,000 molecular weight. Since the monomer contains one mole of 
biotin/440,000 grams of protein, the subunits must be of different 
.. 
\ 
types, a conclusion consistent with the data from studies with 
Escherichia coli, indicating that two proteins are required for 
acetyl-Co A carboxylase activity {Alberts et al., 1968). 
Swanson et al. (1967) found that rat liver acetyl-Co A 
carboxylase is activated by a short incubation with trypsin, an 
effect that was inhibited by soybean-trypsin inhibitor. The time 
5 
to achieve trypsin activation is shortened by aging the enzyme 
preparations at o0 c. Aging alone also increases enzyme activity. 
Incubation with trypsin produces a more active enzyme than does 
incubation with citrate. Thus, the acetyl-Co A carboxylase activity 
in vivo could be regulated by an activating enzyme. 
Maragoudakas (1969) has reported that the serum lipid 
lowering drugs CPIB (ethyl 2-(p-chlorophenyl)-2-methyl-propionate) 
and TPIA (2-methyl-2-(p-(1,2,3,4-tetrahydro-l-naphtyl) phenoxy) 
propionate) exert their effects by decreasing the activity of 
acetyl Co A carboxylase. 
These facts are of interest in view of the fact that Catravas 
and Anker (1958) reported the isolation of° a factor that enhances 
fatty acid synthesis in fasted rat liver. This factor was found 
to be present in the livers of rats maintained on a high carbo-
hydrate, fat-free diet. The material could also be extracted from 
pig liver as well as yeast. The term lipogenin was given to this 
factor by Catravas and Anker (1958a). The active principle extracted 
from yeast was not precipitated by ammonium ·sulfate and was not 
extractable with eth~r or butanol. Catravas (1963) reported a 
. ··, 
\ 
large scale isolation and purification of lipogenin from yeast. 
After boiling for 2 minutes the ruptured yeast cells were 
centrifuged at 3500 X g. The precipitate was discarded and the 
active material was precipitated by the addition of an equal 
volume of cold absolute alcohol. The precipitate was dissolved 
in water and the reprecipitation with alcohol was repeated twice. 
The material was then passed thr9ugh a Dowex-1-formate column. 
6 
The eluate containing the active material was subjected to electro-
phoresis. These procedures resulted in 1.1 g of solid product 
that possessed lipogenin activity. Ther material was analyzed and 
found to contain 59% mannose, 3.5% glucose and 36% amino aci~s. 
All the usual amino acids were present except methionine. The 
remainder of the material was then treated with mannanase. This 
treatment removed 30% of the carbohydrate with no loss in activity. 
The purification procedure, beginning with 65 kg of yeast yielded 
microgram quantities of lipogenin purified some 1000 times over 
the original yeast extract. No further work has been reported in 
the literature since that time (1963). 
STATEMENT OF THE PROBLEM 
Considering the large number of reports in the literature 
on the effects of various compounds on the activity of acetyl Co A 
carboxylase it was believed that lipogenin could possibly exert its 
effects on fatty acid biosynthesis at this critical point and that 
a study of the effects of lipogenin on acetyl Co A carboxylase 
might well give· some insight into the mechanism of action of 
lipogenin and that some evidence might be obtained for the 
hypothesis that lipogenin is an in vivo allosteric activator 
of acetyl-Co A carboxylase. 
The first objective in such a study would be to obtain a 
purified rat liver extract containing the same active principle 
as that reported by Catravas and Anker (1958}. It was not the 
purpose of this work to obtain a highly purified preparation of . 
lipogenin, as has been reported by Catravas (1963} for lipogenin 
present in yeast. It was decided to proceed on the requirement 
that the active principle be shown to possess the same chromato-
graphic properties as that reported by· Catravas and Anker (1958} 
for lipogenin. This approach, if successful, would also give 
independent confirmation to the data of Catravas and Anker (1958} 
with regard to the purification of lipogenin present in rat 
liver. 
Once a partially purified lipogenin extract had been ob-
tained it would be possible.to investigate the role of lipogenin 
in fatty acid synthesis. As has been pointed out, the enzyme 
acetyl-Co A carboxylase is a key control point in fatty acid syn-
thesis and the enzyme is responsive to a wide variety of cellular 
~onstitutehts, i.e. citrate, other di- and tri-carboxlic acids, 
long chain acetyl-co.A compounds.and trypsin. These facts would 
tend to point the way to examine the effect of lipogenin on 
this enzyme. 
. .. 
\ 
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CHAPTER II 
MATERIALS AND METHODS 
CHEMICALS 
Acetic Acid, Glacial, AR, Mallinckrodt Chemical Works, 
No. 2504. 
Acetyl Coenzyme A, Sigma Chemical Company, No. A7125. 
Adenosine Triphosphate, Sigma Chemical Company, No. A3127. 
Ammonium Hydroxide, AR, Mallinckrodt Chemical Works, No. 3256. 
Ammonium Sulfate, AR, Mallinckrodt Chemical Works, No. 3512. 
Bio-Solv, BBS-3, Beckman Instruments Company, Lot No. 198. 
Bovine Serum Albumin, Crystallized, Sigma Chemical Company, 
No. A4378. 
Calcium Phosphate Gel, Sigma Chemical Company, No. 01125. 
Cupric Sulfate·5H20, AR, Mallinckrodt Chemical Works, No. 4844. 
Diethyleneglycol (2,2' Oxydiethanol), J. T. Baker Chemical 
Company, No. S856. 
EDTA (Ethylenediamine tetraacetic acid), Sigma Chemical 
Company, No. EDS. 
Folin-Ciocalteu Phenol Reagent, Harleco Chemical Company. 
Formic Acid 88%, AR, Mallinckrodt Chemical Works, No. 2592. 
Hydrochloric Acid,_ J. T. Baker Chemical Company, No. 9535. 
Isocitric Acid, Sigma Chemical Company, No. Il252. 
Magnesium Chloride·6H20, AR, Mallinckrodt Chemical Works, 
No. 5958. 
2-Mercaptoethanol, Sigma Chemical Company, No; M6250. 
NAD (Nicotinamide Adenine Dinucleotide) , Sigma Chemical 
.. \ 
Company, No. 05755. 
8 
·Niacinamide (Nicotinamide), Sigma Chemical Company, No. 
N3376. 
petroleum Ether, AR, Mallinckrodt Chemical Works, No. 4980. 
potassium Bicarbonate, AR, Mallinckrodt Chemical Works, 
No. 6748. 
Potassium Citrate, J. T. Baker Chemical Company, No. 3066. 
potassium Hydroxide, 45% Solution, Matheson, Coleman and 
Bell, No. PX1488. 
Potassium Phosphate Dibasic·3H20, AR Mallinckrodt Chemical 
Works, No. 7088. 
Potassium Phosphate Monobasic, AR, Mallinckrodt Chemical 
Works, No. 7100. 
Potassium Sodium Tartrate, AR, Mallinckrodt Chemical Works, 
No. 2367. 
PPO (2,5 Diphenyloxazole), Beckman Instruments Company, 
No. 161692. 
Silver Nitrate, J. T. Baker Chemical Company, No. 3426. 
Sodium Acetate-1-14c, New-England Nuclear Corp., NEC-084, 
Lots 468-277, 550-130, 468-174, 532-013, S.A. 2mCi/rnM. 
Sodium Bicarbonate-14c, New England Nuclear Corp., NEC-086, 
Lots 550-044, and 593-076, 4.7mCi/rnM. 
Sodium Carbonate, AR, Mallinckrodt Chemical Works, No. 7521. 
Sodium Formate, J. T. Baker Chemical Company, No. 3700. 
Sodium Hydroxide, J. T. Baker Chemical Company, No. 3722. 
Sucrose, AR, __ Mallinckrodt Chemical Works, No. 8360. 
Sulfuric Acid, AR, Mallinckrodt Chemical Works, No. 2876 • 
. . . 
\ 
9 
Toluene, ~, Mallinckrodt Chemical Works, No. 8605. 
Trizma Base (Tris(hydroxymethyl)aminomethane), Sigma Chemical 
Company, No. Tl378. 
ISOLATION OF LIPOGENIN 
In the first part of this work the purpose was to obtain 
a preparation of lipogenin suitable for use in subsequent 
experiments concerned with the action of the enzyme acetyl 
coenzyme A carboxylase. 
Crude lipogenin was extracted from liver obtained from 
female Holtzman albino rats wieghing 100-120 grams accroding 
to the method of Catravas and Anker (1958) • These rats had 
been maintained on a fat-free, high carbohydrate diet (ICN-
Nutri tional Biochemicals, Cleveland, Ohio) for four days 
prior to sacrifice. The animals were stunned and decapitated 
and the livers were removed and 10 grams of whole liver was 
placed into 25 ml of boiling water. The liver was boiled for 
3 minutes, removed, ground in a mortar and pestle, and replaced 
in the water, which had been made up to the original volume, 
and boiled for an additional 2 minutes. The mixture was 
allowed to cool and was then centrifuged at 700 x g for 15 
minutes. The sediment was discarded and the supernatant was 
saved for further treatment. 
PURIFICATION OF LIPOGENIN EXTRACT BY ION EXCHANGE CHROMATOGRAPHY 
To achieve purification of the boiled liver extract the 
material was. passed through two Dowex-1-formate columns. 
\ 
10 
Ag 1-XlO (200-400 mesh) resin in the chloride form was 
obtained from.Bio-Rad Laboratories, (New York, New York). 
This analytical grade ion exchange resin is prepared by 
sizing and purifying the standard Dowex resin of the same 
designation, in this case Dowex-1 resin in the chloride form. 
The resin was suspended in water to eliminate the fine and v 
coarse particles and conversion of the resin to the formate 
form was achieved by treatment with a 3 M aqueous solution of 
sodium formate. This treatment was repeated until no chloride 
ions could be detected with a silver nitrate solution. The 
resin was then treated with a mixture of 6 N formic acid and 
1 N sodium formate (1:1). The resin was washed with water 
until the washings were neutral. The resin was then poured as 
a thin slurry into a column (0.9 x 22 cm) and washed with 
several column volumes of water. A second Dowex-1-formate 
column was also prepared at this time. 
Ten milliliters of the boiled liver extract were lyophilized 
and the dry residue was dissolved in 2 ml of distilled water. 
This concentrated extract was added to the Dowex-1-formate 
column and the column was washed with water until the active 
material was eluted. Fractions of 10 ml volume were collected 
and assayed for lipogenin activity. The fraction with the 
maximum activity was lyophilized and redissolved in 2 ml of dis-
tilled water. It was then added to a second Dowex-1-formate 
column and 10 ml fractions were again collected and assayed for 
-lipogenin activity. The fraction showing maximum activity was 
. . 
\ 
11 
again lyophilized and redissolved in 2 ml of distilled water. 
This material was then added to a Dowex-50 ammonium column 
(0.9 x 10 cm) and 10 ml fractions were collected and assayed 
·for lipogenin activity. 
The Dowex-50 ammonium column was prepared from Dowex SOW-
Xl2 (200-400 mesh) ion exchange resin obtained from Bio-Rad 
Laboratories in the hydrogen form. The resin was first treated 
with 1 N HCl to remove any sodium ions and with water until the 
washings were neutral. This was followed by treatment with 1 N 
ammonium hydroxide until no more ammonium ions could be absorbed 
by the resin, and finally by washing with water to neutrality. 
ASSAY OF LIPOGENIN 
The assay for lipogenin activity is based on the fact 
that this factor increases the incorporation of labeled acetate 
into fatty acids (Catravas and Anker, 1958). 
Female Holtzman albino rats weighing 90-110 grams were 
maintained on a high carbohydrate, fat-fr~e diet (ICN-Nutri-
tional Biochemicals Inc.) for 3 days and were then fasted for 
a minimum of 36 hours. Water was given ad libitum. 
Catravas and Anker (1958) observed that the liver weight 
of the fasted animals decreases during the first 30 hours of 
fasting and then stabilizes at about 3.5 grams per 100 grams 
of body weight until at least 48 hours afte~ fasting. They 
further noted that homogenates ~rom livers of fasted rats that 
exhibited a greater liver weight to body weight ratio than 
. \ 
12 
this showed only negligible fatty acid synthesis. Thus, only 
livers that weighed less than 4 grams per 100 grams of body 
weight were used for assay purposes. 
After fasting, the rats were killed by decapitation and 
the livers were immediately excised and chilled in isotonic 
saline. One gram of the liver Cw.et weight) was homogenized 
in 2.5 ml of a modified Bucher (1953) medium, containing 
sucrose, niacinamide, magnesium chloride and potassium phos-
13 
phate buffer, pH 7.5. The homogenate was centr~fuged at 700 x g 
for 15 minutes and the inactive pellet consisting of intact cells, 
debris and nuclei was discarded. To 2.0 ml of the supernatant 
fluid were added NAO, sodium acetate-1-14c (specific activity 
2.0 mCi/mM), potassium citrate and the desired test material 
to give a final volume of 2.5 ml at pH 7.5. The final concen-
tration of the components were as follows: sucrose, 0.096~; 
MgC12 , 0.012M; niacinamide, 0.022M; potassium phosphate, 0.035M; 
NAO, 0.0008M; potassium citrate, 0.020M; sodium acetate-1-14c, 
0.004M. 
The mixture was then incubated in air for 3 hours at 37°C 
in a 25 ml Erlenmeyer flask in a shaker water bath. After incu-
bation, 2 ml of diethyleneglycol and 2 ml_of 4M aqueous KOH were 
added to each flask and the contents were heated to l00°C for 
one and one-half hours. The contents of each flask were then 
transferred to a 30 ml separatory funnel and extracted with 
petroleum ether. The ether phase containing unsaponifiable 
lipids and steroids was discarded. The aqueous phase was 
\ 
acidified to pH. 2 with 25% (v/v) sulfuric acid and extracted 
with petroleum ether. The aqueous phase was discarded. The 
ether phase was washed twice with 5% (v/v) acetic acid to 
dilute any labeled acetate trapped in the ether phase and with 
water until the washings were neutral. Two water washings were 
usually sufficient to achieve neutrality. Control experiments 
demonstrated the absence of labeled acetate in such extracts. 
The washed ether extracts were then transferred to pre-weighed 
scintillation vials and evaporated to dryness. The vials were 
then re-weighed to determine the amount of f a·tty acids present. 
A toluene-PPO fluor was then added to each vial and the radio-
activity was determined with a liquid scintillation spectro-
meter assembly. The radioactivity in each vial was expressed 
in terms of counts per minute per milligram of fatty acids. 
An outline of the procedure for the assay of lipogenin activity 
in liver extracts is presented in Figure 1. 
ISOLATION AND PURIFICATION OF ACETYL CO A CARBOXYLASE 
The method used for the isolation of acetyl Co A carboxy-
lase was that of Matsuhashi et al. (1964) as modified by 
Majerus et al. (1968). 
Fifty male Holtzman albino rats weighing approximately 
200 gm each were used. The rats ··were maintained for one day 
on Purina rat chow diet. There were fasted for 48 hours and 
then placed on a high carbohydrate, fat-free diet for 48 hours. 
It had been demonstrated by Majerus et al. (1968) that this 
\ 
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.1g. liver 
homogenized in 2.5 ml. of sucrose, 
MgCl2 , & nicotinamide in K-P04 butter 
(pH7.!5) 
cent. at 700xg tor 15 min. 
Su rnatant 
add to 2.0ml. of supernatant NAO, 
~citrate, 1-14C-acetate, & the test 
material 
final volume 2.5 ml . 
. lncubat ion mixture 
incubate in air at 37°C tor 3 hrs. 
add mixture to 2ml. ot 4M KOH & 
2ml. of diethyleneglycol, heat at 
100°C tor 1.5 hrs. 
Sapo itied mixture 
I extract unsaponitiable material with petroleum ether 
Aqurous phase 
acidity to pH2 with H 2 S04 
extract with petroleum ether 
Ether phase 
wash with dilute HAc&water 
evaporate from a pre weighed 
s c i nli II a I ion vi a I 
Figure 1. Outline of the Assay Procedure Used for the 
Determination of Lipogenin Activity. 
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~ . dietary manipulation results in a maximal amount of ace~yl Co A 
carboxylase activity in the final preparation. 
The rats were killed by decapitation and the livers 
were quickly removed and frozen in dry ice. On the following 
day, the livers were thawed, ground in a meat grinder and homo-
genized with three strokes in a Potter-Elvehjem homogenizer in 
O.lM potassium phosphate buffer pH 7.5 at 0°C. Two ml of 
buffer were used per gram of tissue. This buffer also con-
tained 0.07M potassium bicarbonate, O.lM EDTA and O.OlM 2-mer-
captoethanol. The homogenization and all subsequent operations 
were performed in the cold at 4°C. 
I 
The homogenate was adjusted to 0.25M with respect to su-
crose and centrifuged at 49,000 x g for 15 minutes in a Spinco 
Model L ultracentrifuge. The supernatant was recentrifuged at 
80,000 x g for 60 minutes. The protein concentration in this 
supernatant was adjusted to 25 mg per milliliter by appropriate 
dilution with the same buffer. Solid ammonium sulfate was then. 
added to this solution at 4°C with stirring to a final concen-
tration of 8.0 gm/lOOml. After stirring for 15 minutes, the 
solution was centrifuged at 49,000 x g for 15 minutes and the 
precipitate was discarded. Ammonium sulfate, 8.2 gm/100 ml, 
was again added and, after stirring and centrifugation at 
49,000 x g for 15 minutes the precipitate was dissolved in a 
minimum volume of 0.02M potassium phosphate buffer pH 7.5. 
This buffer·and all·subsequent buffers used in the purifica-
tion also contained O.OlM 2-mercaptoethanol and 0.1 mM EDTA. 
16 
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~ This solution was diluted 5 fold in O.lrnM EI1I'A-O.O~ M 2-mercap-
' toethanol, and calcium phosphate gel (0.75 gm of gel per gram 
of protein} was added with stlrringo After centrifugation at 
2,000 x g for 15 minutes, the supernatant was discarded and the 
gel was eluted with 100 ml of 0.02 M potassium phosphate buffer 
pH 7o5• This elution was repeated twice and the eluates were 
discarded. The gel was next eluted five times with 0.1 ~ 
potassium phosphate buffer pH 7.5. These eluates were pooled 
and solid ammonium sulfate was added to a final concentration 
of 16.5 gm per 100 ml. After centrifugation, the precipitate 
was dissolved in Oo04 M potassium phosphate buffer pH 7o5, and 
was dialyzed against the same buffer for 3 hourso The dialysand 
was either used at this point or was stored in the freezer 
packed in dry ice until needed. Experiments demonstrated 
that the enzyme lost all activity after one month of storage. 
After two weeks of storage, together with frequent thawing and 
refreezing, 70% of the activity remainedo Thus, subsequent 
experiments with the enzyme preparation were performed within 
two weeks after isolation of the enzynie. The isolation and 
purification procedures used are outlined in Figure 2. 
ASSAY OF ACETYL COENZYME A CARBOXYLASE 
The assay procedure for acetyl coenzyme A carboxylase is 
based on that of Maragoudakis (1970} and measures the acid-
stable r~dioactivity incorporated into malonyl Co A from 
14C-labeled bicarbonateo 
\ 
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*Buffer also contains 
0.07~ KHC03, 0.1~ EDTA, 
O.OlM 2-mercaptoethanol. 
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MINCED RAT LIVER 
Homogenize in O.lM Phosphate 
Buffer pH 7.5*; Cent. at 49,000 
x g for 15 min. 
SUPERNATANT 
Cent. at 80,000 x g for 1 hr. 
SUPERNATANT 
Add (NH4)2S04-8gm/lOO ml 
Cent. at 49,000 x g for 15 min. 
SUPERNATANT 
Add (NH4)2S04-8.2gm/100 ml 
Cent. at 49,000 x g for 15 min. 
PRECIPITATE 
Dissolve in 0.02M Phosphate 
Buffer pH 7.5**,-Dilute 5X 
with O.lmM EDTA and O.OlM 
2-merqaptoethanol. Add calcium 
phosphate gel Cent. at 2,000 
x g for l&- min. 
PRECIPITATE 
Elute gel with 
Buffer pH 7.5, 
Elute gel with 
Buffer pH 7.5. 
16.5grn/100 ml. 
x g for 15 min. 
PRECIPITATE 
0.02M Phosphate 
discard eluates. 
O.lM Phosphate 
Add (NH4) 2so4- ' . 
Cent._ at 49, ooo-
Dissolve in 0.04M Phosphate 
Buffer pH 7.5. Dialyze against 
same buffer for 3 hr. 
DIALYSAND 
Stored frozen until used. 
**This and all subsequent 
phosphate buffers contain 
O.lmM EDTA and O.OlM 
2-mercaptoethanol 
. 
\ 
Figure 2. Flow Diagram for the Isolation and Purification 
. of Acetyl Co· A Carboxylase. 
19 
The rat liver enzy.me preparation shows an absolute require-
ment for acetyl Co A, ATP and magnesium ion. The activity is 
greatly stimulated by bovine serum albumin and glutathione 
or 2-mercaptoethanol. The rat liver enzyme, in contrast to 
the avian liver enzy.me, needs pre-incubation with citrate for 
f activation (Maragoudakis, 1970) • 
The purified rat liver enzy.me and 40 umoles of Tris-HCl, 
pH 7.5, 12 umoles of MgC12 , 14 umoles of potassium citrate, 
o.B umoles of 2-mercaptoethanol, and o.6 mg of bovine serum 
albumin were first incubated in a volume of o.52 ml in a glass 
scintillation vial. After this pre-incubation at 37° C for 
30 minutes, 1.4 umoles of ATP, O.l umole of acetyl Co A and 
i4 - I 12 umoles of C-labeled Hco3: (S.A. 4.7 mCi mM ) were added, 
yielding a final total volume of o.66 ml. After incubation 
for five minutes at 37° C, O.l ml of 6N HCl was added to stop 
the reaction and to liberate any unreacted Hco3- as labeled 
co2 • The contents of the vial were evaporated to dryness, 
the residue was redissolved in 0.2 ml of water and to the solu-
tion was added 10 ml of a toluene-PPO·fluor contaiping Bio-
Solv BBS-3. The enzyme activity was expressed as counts per 
minute of radioactivity incorporated into.malonyl Co A per 
five minutes. 
. \ 
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PROTEIN ANALYSIS 
Protein was determined according to the method of Lowry 
(1951) as modified by Oyama and Eagle (1956). One milliliter 
of reagent "C" was placed in each of 9 X 75 mm test tubes. 
To each tube was added 200 ul of sample {water in the case 
of the blanks). The contents were mixed and allowed to 
stand for 10 minutes. Then 0.1 ml of Folin-Ciocalteu re-
agent was added to each tube with mixing. The tubes were al-
lowed to stand for 30 minutes and the optical density was read 
at 750 with a Beckman DU spectrophotometer. A standard curve 
was prepared following the same procedure using bovine serum 
albumin as a standard. The data for the calibration curve are 
given in Table I and the standard curve in Figure 3. 
The concentration of protein in the sample is calculated 
using the following equation: 
protein/ml = 
of unknown sample 
absorbance unknown x {Cone. of Standard) 
absorbance standard X 5 . 
On many occasions the concentration of protein in the unknown 
sample was so high that the sample required dilution before 
the determination could be performed. Either a hundred-fold 
or thousand-fold dilution was found to give absorbance readings 
that were within the limits of the standard curve and the 
above equation was modified accordingly. 
Solutions: 
Reagent A:· --20 gm of Na2C03, 4 gm NaOH and 200 mg of sodium 
potassium tartrate {KNaC4H406•4H20) were dissolved in one liter 
of doubly distilled water. 
\ 
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Table I 
-STANDARD CURVE DATA FOR PROTEIN DETERMINATION 
Albumin ug No. of Determinations Absorbance * 
5 5 0.057 ± 0.005 
10 5 0.141 ± 0.012 
20 6 0.256 ± 0.009 
30 6 0.311 ± 0.020 
40 6 0.430 ± 0.010 
50 6 0.585 ± 0.008 
*Mean ± Standard Deviation 
:::10.5 
E 
0 
~ 
c 0 0.3 
0.1 
Albumin fi..Jg) 
Figure 3. Standard Curve for Protein Deternination. 
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Reagent B: 5 gm of CuS04•SH2) were dissolved in one liter 
of doubly-distilled water. 
Folin-Ciocalteu Reagent: Folin-Ciocalteu reagent was obtained 
from the Fisher Scientific Company, Chicago, Illinois, and 
diluted with doubly-distilled water. The dilution (usually 
5:7) giving the highest optical density that was stable for 
two hours was selected. 
Reagent C: Fifty parts of reagent A and one part of reagent 
B were mixed at the time of use. 
MEASUREMENT OF RADIOACTIVITY 
A Beckman LS-250 Liquid Scintillation Spectrometer was 
used for the determinations of radioactivity. Samples were 
counted in twenty-two milliliter, low potassium-40 content 
glass vials with tin-foil lined plastic screw caps (Amersham/ 
Searle Co.). Ten milliliters of the desired scintillation 
fluid was used. 
In the case of the water insoluble samples from the 
lipogenin assay the scintillation fluid was prepared by dis-
solving 5.0 gm of PPO (2,5-diphenyloxazole) in one liter of 
toluene. 
For the water-soluble samples from the acetyl Co A car-
boxylase assay, the scintillation fluid was prepared first 
by dissolving 5.0 gm of PPO in one liter of toluene, then to 
every 100 ml- of this solution was added 20 ml of Beckman 
solubilizing reagent (Bio-Solv BBS-3). BBS-3 is a blend of 
\ 
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anionic surface- active agents which has the ability to incorpor-
ate sizeable volumes of water or aqueous solutions into toluene 
with a minimum of quenching. In the work reported here, experi-
ments demonstrated that quenching was not a problem in the measure-
ment of radioactivity. 
EFFECT OF~LIPOGENIN ON THE ACTIVATION OF ACETYL CO A CARBOXYLASE 
To determine what effect lipogenin has on the activation of 
acetyl Co A, carboxylase the following modifications of the car-
boxylase assay procedure were made: to the pre-incubation me-
dium, 50 ul of the purified lipogenin extract were added; in 
those assays designated to contain no lipogenin, 50 ul of 
doubly-distilled water were added to the pre-incubation medium. 
To determine whether or not lipogenin modifies the actions 
of citrate or magnesium ion during the pre-incubation, four 
series of experiments were performed. These consisted in vary-
ing the concentration of citrate in the pre-incubation medium 
in the p~esence and absence of the lipogenin extract with the 
optimal concentration of magnesium ion (12 umoles, as defined 
in the assay procedure) either present or absent.. A second 
series of four experiments were performed by varying the con-
centration of magnesium.ion in the pre-incubation medium in 
the presence or absence of lipogenin extract with the optimal 
concentration of citrate (14 umoles, as defined in the assay 
procedure) either present or absent. 
EFFECT OF ATP AND LIPOGENIN ON THE ACTIVATION OF ACETYL 
CO A CARBOXYLASE 
• \ 
Greenspan and Lowenstein (1968) reported that the 
presence of ATP in the pre-incubation medium results in a 
subsequent decrease in the activity of acetyl Co A carboxylase. 
A series of experiments were performed to determine if lipogenin 
offered any protection to the enzyme during pre-incubation in 
the presence of various amounts of ATP. Since the ATP cannot 
be removed after the pre-incubation it is necessary to adjust 
the volume of the substrates added after the preincubation so 
that the concentration of ATP in the assay will be the same in 
all cases even though the concentrations of ATP were different 
during the pre-incubation. The pre-incubations were performed 
in the presence and absence of 50 )l]. of the purified lipogenin 
extract. 
EFFECT OF LIPOGENIN ON THE CATALYTIC REACTION OF ACETYL 
CO A CARBOXYLASE 
To determine what effect lipogenin has on the catalytic 
reaction of acetyl Co A carboxylase the following modification 
was made in the assay procedure. The pre-incubation was carried 
25 
out in the standard manner, i.e. 40 JJlllOles tris buffer (pH 7.5); 
14 ~moles of potassium citrate, 12 wnoles of MgC12 , 0.8 µmoles of 
2-mercaptoethanol, 0.6 mg of bovine serum albumin and 6 mg of 
enzyme protein in a volume of 0.66 ml were placed in a scintil-
lation vial in a shaker water bath at 37°C for 30 minutes. At 
the conclusion of the pre-incubation 1.4 Pmoles of ATP, 0.1 Pmole 
of acetyl Co A and 12 Pmoles of 14c-labeled bicarbonate were 
added along with SO pl of the purified lipogenin extract. In 
the assays designated to contain no lipogenin, 50 Pl of doubly-
• \ 
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· distilled water was added instead of the extract. The ~omponents 
were then reacted for 5 minutes. The reaction was terminated 
by the addition of O.l ml of 6N HCl. 
To determine if lipogenin was enhancing the binding of ATP 
or acetyl Co A or of both substrates two series of experiments 
were performed. The concentration of acetyl Co A was varied 
during the assay in the presence and absence of lipogenin. A 
similar series of experiments were performed by varying the con-
centration of ATP while the concentrations of the other compo-
nents were kept constant. As with the acetyl Co A, the assays 
with ATP as the variable were performed in the presence and 
absence of lipogenin. 
The unpaired Student!s t test was utilized to make statistical 
comparisons where necessary throughout the text.* 
*Hoel, Paul G., Elementary· Statistics, John Wiley & S~ns, 
New Y6rk, (1960). 
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CHAPTER III 
RESULTS AND DISCUSSION 
The experimental portion of this work comprises two parts. 
The first portion of the study was concerned with obtaining a 
purified lipogenin extract. The original purification methods 
of Catravas and Anker (1958) were followed with some modification 
in their reported assay of lipogenin as well as in the method of 
counting the radioactive samples. 
The second part of this work comprised the study of the 
effects of the lipogenin preparation on the enzyme acetyl Co A 
carboxylase with respect to the substrates of the enzyme, ATP 
and acetyl Co A as well as known activators of the enzyme, citrate 
and magnesium ion. 
EFFECT OF THE DIETARY STATE-OF THE ANIMAL ON THE PRESENCE OF 
LIPOGENIN IN LIVER EXTRACTS 
Two.series of femalerats were employed. One group was 
maintained on a high carbohydrate, fat-free diet (fed rats) and 
a second group which was maintained on a high carbohydrate 
fat-free diet for three days and then fasted for a minimum of 
36 hours (fasted rats). The boiled liver extract was obtained 
from both groups of rats and 0.5 ml of the crude material was 
assayed for lipogenin activity as previously described. The 
results of these assays are given in Table II. The extract ob-
tained from the fasted animals gave a stimulation of incorporation 
. . 
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Table II 
DIETARY STATE AND THE PRESENCE OF LIPOGENIN IN LIVER EXTRACTS 
Basal 
CPM/mg 
34 
36 
33 
35 
35:!: l* 
Extract From 
"fed rats" 
CPM/mg 
125 
150 
134 
127 
134±11*# 
Extract From 
"fasted rats" 
CPM/mg 
47 
43 
43 
45 
45± 2*# 
Lipogenin activity is expressed as counts per minute of 
radioactivity per mg of isolated fatty acids. 
*Mean ± Standard Deviation 
#Significant difference from basal (p<0.001). by the 
·-
Student unpaired t test. 
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of labeled acetate into fatty acids. A significant increase 
(p<0.001) was noted in the incorporation of the label above 
the level observed for the control series in which no addition 
of test material was made. The extract obtained from fasted 
animals did stimulate incorporation of label above that of 
controls but not to the same extent as did the extract from fed 
rats. Thus, it can be concluded that lipogenin activity is still 
present to some extent in the livers of rats subjected to a 36 
hour fast but the levels of lipogenin are greatly increased in 
the livers of fed rats. 
As was indicated in the section on Materials and Methods, 
a liver homogenate prepared from the livers of fasted rats is 
29 
used to assay lipogenin activity in tissue extracts. If, however, 
a homogenate from the livers of fed rats is used, no increase in 
the incorporation of labeled acetate is observed with the boiled 
liver extracts from either fed or fasted rats. The· results from 
such a series of experiments are summarized in Table III. 
ASSAY OF LIPOGENIN 
A 0.04 ml aliquot of the extract was used in the assay of 
the material purified by passage through ~he Dowex columns. 
This amount was arrived at after assaying three sizes of aliquots 
of the 10 ml fractions obtained from the passage of the crude 
extract through one Dowex-1 formate column. Aliquots of 0.02 ml, 
0.04 ml and 0.08 ml were assayed for maximum activity and this was 
the volume of extracts used in the assays for lipogenin activity. 
These results are summarized in Figure 4. 
\ 
Table III 
ASSAY OF LIPOGENIN WITH LIVER HOMOGENATES FROM FED RATS 
Basal 
CPM/mg 
90 
87 
95 
91± 4* 
Extract From 
"fed rats" 
CPM/mg 
94 
86 
98 
93± 6 *ff 
Extract From 
"fasted rats" 
CPM/mg 
96 
89 
82 
89± T*# 
Lipogenin activity is expressed in counts per, minute of 
radioactivity per mg of isolated fatty acids 
*Mean ± Standard Deviation 
#Not significantly different from basal. 
\ 
30 
180 
-
. 
r'4 
i 
IL 
~10 
>-
-> 
4 6 
Fraction No. 
00.02ml. 
e0.04ml. 
•0.08ml. 
7 
Figure ~- The Effect of Various-Sized Aliquots of Lipogenin 
Extract on the Incorporation of Labeled Acetate 
Into Fatty Acids. 
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PURIFICATION OF LIPOGENIN 
As was described in the section on Materials and Methods, 
lipogenin in the boiled liver extracts was purified by passage 
through two Dowex-1-formate columns and one Dowex-50-ammonium 
column. The results of this puri~ication process are shown in 
Figure 5. It will be noted that the maximal incorporation of 
the label into fatty acids takes place with the material present 
in the fifth 10 ml fraction from both Dowex-1-formate columns. 
After chromatography on the Dowex-50-ammonium column the maxi~um 
activity is present in the first 10 ml fraction. Aliquots from 
this fraction were used as the source of lipogenin extract in 
all the experiments involving lipogenin and the enzyme acetyl 
Co A carboxylase. 
EFFECTS OF LIPOGENIN ON THE ACTIVATION OF ACETYL 
CO A CARBOXYLASE 
A. Effect of tragnesium Ion and Lipogenin on the Activation 
of Acetyl Co A Carboxylase. 
The enzyme acetyl Co A carboxylase was pre-incubated with 
various amounts of magnesium ion in the presence and absence of 
lipogenin. Table IV summarizes data obtained for various amounts 
of magnesium ion in the presence and absence of lipogenin. Citrate 
was not present during these assays. As can be seen in Figure 6 
the presence of lipogenin results in an increase in acetyl Co A 
carboxylase activity at all magnesium ion concentrations tested. 
' \ 
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Figure 5. The Results of Dowex Chromatography of Lipogenin 
Extract. 
Ten ml of the boiled liver extract were lyophilized 
and the dry residue was dissolved in 2 ml of distilled 
water. This solution was applied to a Dowex-1-formate 
column and eluted with water. Fractions of 10 ml volume 
were collected and assayed for lipogenin activity. The 
fraction with the maximal lipogenin activity was 
lyophilized and applied to a second Dowex-1-formate 
column. The 10 ml fraction showing maximal lipogeni~1 
activity was lyophilized and applied to a Dowex-50-
ammonium column. 
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Figure 5. The Results of Dowex Chromatography of Lipogenin 
Extract. 
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Table IV 
EFFECT OF LIPOGENIN ON THE ACTIVATION OF ACETYL CO A CARBOXYI:.ASE 
IN THE PRESENCE OF MAGNESIUM ION AND IN THE ABSENCE OF 
CITRATE 
(MgC12 ) Lipogenin present No Lipogenin present 
mM CPM* CPM* 
0 690 ± 50+ 580 + 45 T 
7.5 790 ± 70# 700 ± 80 
15.5 990 ± 63+ 840 ± 42 
23.0 1120 ± 90# 970 ± 76 
31.0 1360 ± 84+ 1100 ± 67 
*Activity is expressed as counts per minute of radioactivity 
per 5 minutes and each value represents the average of three 
series of experiments ~ standard deviation. 
# Not significantly different from values with no lipogenin 
present. 
+ Significant difference from values with no lipogenin present, 
(P < 0.02-0.05), by the Student unpaired t test. 
\ 
\ Figure 6. "Eff~ct of Lipogenin on the Activation of Acetyl 
Co A Carboxylase in the Presence of Magnesium 
Ion and in the Absence of Citrate. 
The activation mixture contained in a volume of 
0.5 ml, 6 mg of enzyme protein, 40 µmoles of Tris-
HCl buffer (pH 7.5), 0.8 ).ll1lole 2-mercaptoethanol, 
0.6 mg bovine serum albumin and magnesium chloride 
as indicated. After pre-incubation for 30 minutes 
at 37°C, 1.4 JllllOles of ATP, O.l_umole of acetyl 
Co A and 12 ..umoles of 14c-labeled bicarbonate {S.A. 
4.7 mCi/mM) were 9dded and the incubation continued 
for 5 minutes. The reaction was terminated by the 
·addition of 0.1 ml of 6N HCl. The enzyme activity 
is expressed as counts per minute of radioactivity 
incorporated int9 malonyl Co A per 5 minutes. 
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Figure 6. Effect of Lipogenin on the Activation of Acetyl 
Co A Carboxylase in the Presence of Magnesium Ion 
and in the Absence of Citrate. 
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Table V gives the data for a similar series of experiments 
differing however in that citrate was present in the activation 
medium. 'l'hese data are presented graphically in Figure 7. It 
appears that in the presence of citrate the reaction is ap-
preaching maximal velocity much more rapidly than in the ab-
sence of citrate. This is as one would expect if citrate and 
magnesium ion were both necessary to bring about maximum acti'-
vation of the enzyme. Lipogenin caused a significant increase 
in enzyme activity only when high concentrations (31 mM) of 
magnesium ion were present. 
B. Effect of Citrate and Lipogenin on the Activation of 
Acetyl Co A Carboxylase. 
A series of experiments were performed in which acetyl 
Co A carboxylase was pre-incubated with varying amounts of 
citrate in the presence and absence of lipogenin. In the 
first series, no magnesium ion was present in the pre-incu-
bation medium. The data obtained are presented in Table VI 
and are shown graphically in Figure 8. As was the case with 
varying concentrations of magnesium ion, the enzyme activities 
with lipogenin present are higher for each concentration of 
citrate. 
The second series of assays were performed in the presence 
of magnesium ion. The data for this series are given in 
Table VII and are displayed graphically in Figure 9. In the 
absence of citrate, with magnesium ion present, lipogenin acti-
vates the enzyme to a much greater extent than with the optimal 
concentrations of citrate and magnesium ion. As the citrate 
concentration increases, the difference between the acetyJ 
Co A carboxylase activity with lipogenin present and absent 
Table V 
EFFECT OF LIPOGENIN ON THE ACTIVA'I'ION OF ACETYL CO A 
CARBOXYLASE IN THE PRESENCE OF BOTH MJ.l.GNESIUM ION AND 
CITRA'l'E 
(MgCl2) Lipogenin present No Lipogenin present 
mM CPM* CPM* 
0 650 ± 60# 600 ± 45 
7.5 830 ± 84fl: 740 ± 52 
15.5 930 ± 69# 820 ± 70 
23.0 990 ± 651 870 ± 55 
31.0 1100 ± 52+ 920 ± 67 
*Activity is expressed as counts per minute of radioactivity 
per 5 minutes and each value represents the average of three 
series of experiments ± standard deviation. 
fl: Not significantly different from values ~ith no lipogenin 
present. 
+ Significant difference from values with no lipogenin present 
(P < 0.025) by the student unpaired t test. 
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· Figure 7. Effect of Lipogcnin on the Activation of Acetyl 
Co A Carboxylase in the Presence of Both Magnesium 
Ion and Citrate. 
The activation mixture contained in a volume of 0.5 
ml, 6 mg of enzyme protein, 40 11moles of Tris-HCl 
buffer (pH 7.5), 14 .umoles of potassium citrate, 
0.8 }llllole of 2-mercaptoethanol, 0.6 mg bovine serun 
albumin and magnesium chloride as indicated. After 
pre-incubation for 30 minutes at 37°C, 1.4 ..umoles 
of ATP, 0.1 ,umole of acetyl Co A and 12 ..umoles of 
14c-labeled bicarbonate (S.A. 4.7 mCi/mM) were added 
and the incubation continued for 5 minutes. The 
reaction was terminated by the addition of 0.1 ml of 
6N HCl. The enzyme activity is expressed as counts 
per minute of radioactivity incorporated into malonyl 
Co A per 5 minutes. 
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Figure 7. Effect of Lipogenin on the Activation of Acetyl 
Co A Carboxylase in the Presence of Both Magnesium 
Ion a:.1d Citrate. 
Table VI 
EFFECT OF LIPOGENIN ON THE ACTIVATION OF ACETYL CO A 
CARBOXYLASE BY CITRATE AND IN THE ABSENCE OF MAGNESIUM 
ION 
(Citrate) Lipogenin present No Lipogenin present 
mM CPM* CPM* 
0 6200 ± 400# 5300 ± 490 
7.7 7800 ± 470# 7200 ± 620 
15.4 8100 ± 500# 7600 ± 410 
22.8 8600 ± 380# 7900 ± 400 
29.2 8900 ± 490# 8000 ± 530 
*Activity is expressed as counts per minute of radioactivity 
per 5 minutes. Each value represents the average of three 
series of experiments,± standard deviation. 
t Not significantly different from values with no lipogenin 
present. 
. ' 
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Figure 8.\ Effect of Lipogenin on the Activation of Acetyl 
. 
co· A Carboxylase by Citrate and in the Absence of 
Magnesium. 
The activation mixture contained in a volume of 
0.5 ml, 6 mg of enzyme protein, 40 ..umoles of Tris-
HCl buffer (pH 7.5), 0.8 ).Uncle 2-mercaptoethanol, 
0.6 mg bovine serum albumin and potassium citrate 
as indicated. After pre-incubation for 30 minutes 
at 37°C, 1.4 .urn.oles of ATP, 0.1 pmole of acetyl 
Co A and 12 Jimoles of 14c-labeled bicarbonate (S.A. 
4.7 mCi/mM) were added and the incubation continued 
for 5 minutes. The reaction was terminated by the 
addition of 0.1 ml of 6N HCl. The enzyme activity 
is expressed as counts per minute of radioactivity 
incorporated into malonyl Co A pe~ 5 minutes. 
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Figure 8. Effect of Lipogenin on the Activation of Acetyl 
Co A Carboxylase by Citrate and in the Absence of 
Magnesium. 
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Table VII 
EFFECT OF ·LIPOGENIN ON THE ACTIVATION OF ACETYL CO A 
CARBOXYLASE BY CITRATE IN THE PRESENCE OF MAGNESIUM 
ION 
(Citrate) Lipogenin present No Lipogenin present 
mM CPM* CPM* 
0 8600 ± 420+ 4000 ± 380 
7.7 8200 ± 520+ 6100 ± 490 
15.4 8100 ± 360+ 6700 ± 450 
22.8 7600 ± 530# 6800 ± 320 
29.2 7500 ± 480# 7200 ± 390 
*Activity is expressed as counts per minute of radioactivity 
per 5 minutes and each value represents the·average of three 
series of experiments ± standard deviation. 
f Not significantly different from values with no lipogenin 
present. 
+ Significant difference from values with no lipogenin present, 
(P < 0.001 - 0.02) by the Student unpaired t test. 
. \ 
·Figure .9.\ .Effect o·f Lipogenin on the Activation of Acetyl 
Co A Carboxylase by Citrate in the Presence of 
Magensiurn Ion. 
The activation mixture contained in a volume of 0.5 
ml, 6 mg of enzyme protein, 40 .µmoles of Tris-HCl 
buffer (pH 7.5), 12 µmoles of magensiurn chloride, 
0.8 .µmole 2-mercaptoethanol, 0.6 mg bovine serum 
albumin and potassium citrate as indicated. After 
pre-incubation for 30 minutes at 37°C, 1.4 µmoles 
of ATP, 0.1 µmole of acetyl Co A and 12 )lltloles of 
14c-labeled bicarbonate (S.A. 4.7 mCi/rnM) were 
added and the incubation continued for 5 minutes. 
The reaction was terminated by the addition of 
0.1 ml of 6N HCl. The enzyme activity is expressed 
as counts per minute of radioactivity incorporated 
into malonyl Co A per 5 minutes. 
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Figure 9. Effect of Lipogenin on the Activation of Acetyl 
Co A Carboxylase by Citrate in the Presence of 
Magnesium Ion. 
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decreases. It would appear that as the citrate concentra-
tion increases it is minimizing the effect of lipogenin. 
It could be that the lipogenin is activating the enzyme by 
a mechanism different from that of citrate activation. This 
result is significant since Spencer and Lowenstein (1967) 
have reported that the concentration of citrate in rat liver 
is very low in comparison to that needed to achieve activa-
tion of the enzyme in vitro. This fact has led Greenspan and 
Lowenstein (1968) to speculate as to the existence of a sub-
stance present in vivo that accomplishes the activation of 
acetyl Co A carboxylase. Lipogenin could very well be this 
activator of fatty acid biosynthesis. This contention is 
43 
made more attractive due to the fact that Spencer and Lowenstein 
(1967) have also noted that the citrate concentration in rat 
liver does not decrease to a comparable extent as does the 
activity of acetyl Co A carboxylase during fasting. It 
has been observed, however, in the livers of rats that have 
been fasted for 36 hours that the lipogen~n content is greatly 
reduced. This dependence on dietary state for the presence 
of lipogenin in vivo allows one to conclude that lipogenin 
can very well be one of the major controlling elements of 
fatty acid biosyn~hesis. 
c. Effect of ATP and Lipogenin on the Activation of Acetyl 
Co A Carboxylase 
The activation of acetyl Co A carboxylase was carried 
out in the presence of increasing amounts of ATP in the 
\ 
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presence and in the absence of lipogenin to determine whether or 
not lipogenin offers any measure of protection to the enzyme. The 
data obtained are given in Table VIII and presented graphically 
in Figure 10. As can be seen in the figure, lipogenin does 
offer some measure of protection to the enzyme especially at 
moderate concentrations (3.3 mM) .of ATP. Since lipogenin ex~ 
tract was obtained by boiling and the purified extract was 
stored for some time it is likely that any enzymes (i.e. ATPases) 
present in the extract have long since been denatured and re-
moved from the extract during the Dowex chromatographies. 
Therefore, it is believed that lipogenin could also be acting 
to block the inhibitory effects of ATP during the activation 
of the enzyme. It could then be assumed that.as a result of 
activation a site becomes available for the binding of ATP 
during the catalytic ¥eaction. Lipogenin therefore may be 
the answer to yet another paradox of fatty acid biosynthesis, 
i.e. the necessity for the presence of ATP for the catalytic 
reaction of acetyl Co A carboxylase to proceed and for its 
absence during the activation of the enzyme. 
EFFECT OF LIPOGENIN ON THE CATALYTIC REACTION OF ACETYL 
CO A CARBOXYLASE 
To further this study of the effects of lipogenin on 
acetyl Co A carboxylase, it was felt that regardless of 
the effects .. of lipogenin on the activation of the enzyme, 
some information should be obtained as to the effects of 
lipogenin on the catalytic reaction of the enzyme. To 
... 
accomplish this end, two series of experiments were \ 
TABLE VIII 
EFFECT OF ATP ON THE ACTIVATION OF ACETYL CO A CARBOXYLASE 
IN THE PRESENCE AND ABSENCE OF LIPOGENIN. 
(ATP) Lipogenin present No Lipogenin present 
mM CPM* CPM* 
0 1900 ± 200# 1700 ± 160 
3.3 1700 ± 170+ 1160 ± 210 
s.o 1400 ± 150# 1100 ± 140 
6.7 1400 ± 1601 1120 ± 120 
*Activity is expressed as counts per minute of radioactivity 
per 5 minutes. Each value represents the average of three 
series of experiments ± standard deviation. 
t Not significantly different from values with no lipogenin 
present. 
+ Significant difference from values with no lipogenin present 
(P < · O. OS) by the Student unpaired t test. 
. . ' 
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Figure 10\ •• Effect of ATP on the Activation of Acetyl 
Co A Carboxylase.in the Presence and Absence 
of Lipogenin. 
The activation mixture contained in a volume of 0.5 
ml, 6 mg of enzyme protein, 40 nrnoles of Tris-HCl 
buffer (pH 7.5), 12 nrnoles of magnesium chloride, 
14 umoles of potassium citrate, 0.8 nmole 2-mer-
captoethanol, 0.6 mg bovine serum albumin and ATP 
as indicated. After pre-incubation for 30 minutes 
at 37°C, 0.1 µmole of acetyl Co A and 12 µmoles of 
14c-labeled bicarbonate (S.A. 4.7 mCi/rnM) were· 
added in a volume such that the final concentra-
tion of ATP was 3.3 rnMolar. The incubation was 
then continued for an additional 5 minutes. The 
reaction was terminated by the addition of 0.1 ml 
6N HCl. The enzyme activity is expressed as counts 
per minute of radioactivity incorporated into malonyl 
Co A per 5 minutes. 
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Figure 10. Effect of ATP on the Activation of Acetyl Co A 
·carboxylase in the Presence and Absence of 
Lipogenin. 
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performed. The first series consisted of assaying-enzyrite activity 
with various amounts of ATP present; one group of assays with 
lipogenin present and a second group in the absence of lipogenin. 
The second series of experiments were conducted in a similar 
fashion with varying amounts of acetyl Co A in the presence and 
absence of lipogenin. 
A. Effect of ATP and Lipogenin on the Catalytic Reaction of 
Acetyl Co A Carboxylase. 
The data obtained for the various concentrations of ATP on 
the catalytic reaction of acetyl Co A carboxylase in the presence 
and absence of ·lipogenin are given in Table IX. A double reciprocal 
plot of these data were made and is shown in Figure 11. Examination 
of the plot shows that lipogenin does not affect the maximum velocity 
of the reaction but there is a slight difference in the Km values 
in the presence and absence of lipogenin. The Km in the presence 
of lipogenin was found to be 1.7 X 10-4 , the value in the absence 
of lipogenin is 2.1 X 10-4 • This is taken to mean that in the 
presence of lipogenin there is a slight enhancement of the binding 
of ATP to the enzyme. The significance of this finding is open to 
question because the differences are of such a small magnitude in 
comparison to the large differences in the data observed during the 
activation step. The differences in the data could be due to 
lipogenin causing some futther activation of the enzyme during the 
5 minute assay period. 
\ 
Table IX 
Data for the Lineweaver-Burk Analysis of the Effect of 
Lipogenin on the Catalytic Reaction of Acetyl Co A Carboxylase 
with ATP as the Varied Substrate 
(ATP) Lipogenin present No Lipogenin present 
3 
s (mM) l/S V(CPM*) l/V X 10 V(CPM*) l/V X 103 
.033 30 390 2.6 320 3.1 
.OS 20 530 1.9 460 2.2 
;066 15 670 1.5 560 1.8 
0.1 10 870 1.2 710 1.4 
0.2 5 1250 0.8 1100 0.9 
1.2 0.8 1960 0.5 1640 0.6 
*Activity is expressed ·as counts per minute of radioactivity 
incorporated into malonyl Co A per 5 minutes. Each value 
represents the average of two experiments. 
. - ' 
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Figure 11. Lineweaver-Burk Analysis of the Effect of Lipogenin 
Lipogenin on the Catalytic Reaction of Acetyl Co A 
Carboxylase with A~P as the Varied Substrate. 
Conditions were the same as described under Materials 
and Methods. Acetyl Co A carboxylase, 6 mg of protein, 
was present in each vial. Initial velocity V is 
expressed as counts per minute of 14c-labeled bicar-
bonate incorporated into malonyl Co A in 5 minutes. 
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Figure 11. Lineweaver-Burk Analysis of the Effect of Lipogenin 
on the Catalytic Reaction of Acetyl Co A Carboxylase 
with ATP as the Varied Substrate. 
so 
B. Effect of Acetyl Co A and Lipogenin on the Catalytic Reaction 
of Acetyl Co A Carboxylase. . 
The data obtained for the effect of various concentrations 
of acetyl Co A in the carboxylase assay in the presence and 
absence of lipogenin are given in Table X. A double reciprocal 
plot of this data was constructed and is shown in Figure 12. As 
is evident from the figure the Km for the reaction does not 
change whether lipogenin is present or not. There is a slight 
difference in the values for the maximum velocity, however. The 
value for the maximal velocity in the presence of lipogenin was 
found to be 2.9 X 103 CPM whereas in the absence of lipog~nin the 
value is 2.5 X 10 3 CPM. This would indicate that the reaction has 
the capacity to proceed at a slightly greater rate in the presence 
of lipogenin. It could very well be that the increases observed 
.in the presence of lipogenin could be due to lipogenin acting to 
activate some of the inactive species of the enzyme which must 
certainly be present to some extent in the assay medium. · Since 
it has been demonstrated that lipogenin ~as such a pronounced 
effect on the activation of the enzyme in the prese~ce of magnesium 
ion the apparent effects of lipogenin on the catalyti~ reaction of 
acetyl Co A carboxylase may be no more than a reflection of this 
activation. 
. .. 
\ 
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TABLE X 
Data for the Lineweaver-Burk Analysis of the Effect of 
Lipogenin on the Catalytic Reaction of Acetyl Co A 
Carboxylase with Acetyl Co A as the Varied Substrate. 
(Acetyl Co A) Lipogenin pres·ent No Lipogenin present 
s (mM) l/S V(CPM*) l/V X 103 V(CPM*) l/V X 103 
0.01 100 520 1.90 450 2.20 
0.05 20 1400 0.70 1300 0.75 
0.1 10 1800 o.ss 1500 0.65 
0.2 5 2200 0.45 2000 o.so 
0.4 2.5 2500 0.40 2200 0.45 
• 
*Activity is expressed as counts per minute of radioactivity 
per 5 minutes. Each value represents the average of two 
experiments. 
. ' \ 
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Figure 12: Lineweaver-Burk Analysis of the Effect_ of 
Lipogenin on the Catalytic Reaction of Acetyl 
Co A Carboxylase with Acetyl Co A as the Varied 
Substrate. 
Conditions were the same as described under Materials 
and Methods. Acetyl Co A carboxylase, 6 mg of protein 
was present in each vial. Initial velocity V is ex-
pressed as counts per minute of 14c-labeled bicar-
bonate incorporated into malonyl Co A in 5 minutes. 
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Figure 12. Lineweaver-Burk Analysis of the Effect of 
Lipogenin on the Catalytic Reaction of Acetyl 
Co A Carboxylase with Acetyl Co A as the Varied 
Substrate 
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CHAPTER IV 
SUMMARY AND CONCLUSIONS 
As stated earlier, there were two main purposes in under-
taking this work. The first, was to obtain a preparation of 
lipogenin in a partially purified form which would have the 
same properties as the preparation that ha$ been reported by 
Catravas and Anker (1958). This has been accomplished. It 
has been shown that the lipogenin preparation isolated, signi-
ficantly stimulates the incorporation of labeled acetate into 
fatty acids in liver homogenates obtained from rats fasted for 
,-
36 hours or longer. It has also been shown that greatly de-· 
creased lipogenin activity can be detected in boiled extracts 
obtained from fasted rats and that if homogenates obtained from 
fed rats are used in the assay procedure for lipogenin activity, 
instead of homogenates from fasted rat liver~ no increase in 
acetat7 incorporation is seen with added lipogenin. Thus, it 
can be concluded that in normal rats that are maintained on a 
high-carbohydrate, fat-free diet that lipbgenin is present in 
amounts thdt are stimulating fatty acid synthesis to a maximal 
degree and additio~ of exogenous lipogenin will not signifi-
cantly increase fatty acid synthesis. However, when rats are 
subjected to the ~~ysiological stress of starvation the lipo-
genin content of their livers drops to much lower levels and 
the fatty acid synthesizing system in these livers become sen-
sitive to the addition of extracts containing lipogenin. 
The chromatographic properties of the lipogenin extract on 
Dowex-1-formate and Dowex-50-ammonia colu~ns are identical to 
those reported by Catravas and Anker (1958). Maximal lipogenin 
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activity is seen in the fifth 10 ml fraction obtained from the 
Dowex-1-formatc columns, the lipogenin activity from the second 
Dov;ex-1-formate column being greater than that from the first 
and the maximal lipogenin activity appearing in the first 10 ml 
fraction from the Dowex-50-ammonia colurr~. 
The second portion of this research was concerned with the 
effects of the partially-purified lipogenin extract on the en-
zyme acetyl-Co A carboxylase. As has been pointed out in 
Chapter I a large number of positive and negative affectors of 
this enzyme have been found and it was felt that lipogenin woul4 
be most likely exerting its stimulatory effect on fatty acid 
synthesis at this point. This assumption was borne out in the 
results reported here. Lipogenin has been found to bring about 
activation of acetyl-Co A carboxylase to a greater extent than 
does citrate ion, which has been thought to be the principal 
activator, at least in vitro. Magnesium ion was found to be nec-
essary for this maximal lipogenin activation. Citrate ion or 
magnesium ion alone gave only a slight increase in carboxylase 
activation with lipogenin present during the activation reaction. 
The increment due to lipogenin was fairly constant at the various 
concentrations of citrate and magensium ion tested. The incre-
ment due to the presence of lipogenin with increasing magnesium 
ion concentrations in the presence of citrate ion was constant 
at lower magnesilID' ion concentrations but did increase at high 
magnesium ion concentrations. Thus, it is apparent that lipo-
genin is capable of replacing the citrate ion requirement for 
the activation of acetyl-Co A carhoxylase ~n vitro provided 
that a sufficient concentration of magnesium ion is also pre-
sent. 
Lipogenin has also been found to off er some measure of 
protection to the activation of acetyl-Co A carboxylase in 
the presence of ATP. Lipogenin may bind to one or more of 
the inactive monomers of the enzyme facilitating its conver-
sion to the active polymer and at the same time protecting 
the activation process from the detrimental effects of ATP 
or lipogenin could be binding ATP directly and preventing its 
inhibitory effects on the activation process. 
The effect of lipogenin on the catalytic reaction of 
acetyl-Co A carboxylase has been found to be not significant. 
The binding of A'rP to the enzyme was found to be only slightly 
enhanced in the presence of lipogenin but again this effect is 
not significant. Lipogenin was also found to cause a slight 
but not significant increase in the maximal velocity of the 
catalytic reaction when the concentration of acetyl-Co A was 
the varied parameter. Further investigation would be needed 
to arrive at any concrete conclusions about the effects of 
lipogenin during the catalytic reaction of the carboxylase. 
With such small differences observed in Km and Vmax values 
for ATP and acetyl-Co A respectively in the presence of lipo-
genin it would seem that lipogenin may be acting in these 
cases through the activation reaction for the enzyme and not 
having a direct effect on the catalytic reaction. However, 
in the case of the activation of the enzyme some definite 
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conclusions can be drawn. The fact that Spencer and Lowenstein 
(1967) have reported that the intracellular concentrations of 
citrate are not sufficient to cause an activation of the en-
zyme as measured in vitro and the fact that the citrate con-
centration in vivo does not decrease to the same extent as the 
activity of acetyl-Co A carboxylase during fasting has led 
these authors to speculate as to the existence of a substance 
other than citrate, which is present in vivo, that would ac-
complish the same ends as citrate does in vitro. Lipogenin 
appears to fit these requirements for an in vivo activator of 
acetyl-Co A carboxylase. The reported observations of the 
disappearance of lipogenin during fasting adds weight to this 
possible role in fatty acid biosynthesis. The protection of-
fered by lipogenin to the enzyme during activation in the pre-
sence of ATP further enhances the role of lipogenin in fatty 
acid biosynthesis. 
57 
BIBLIOGRAPHY 
Alberts, A.W. and Vagelos, P.R. (1968). Acetyl-Co A Carhoxylase. 
I. Requirements f0r Two Protein Fractions. Proc. Nat. Acad. 
Sci., U.S.A. 59, 561-568. 
---·-
Brady, R.O. and Gurin, S. (1952). Biosynthcsis of Fatty Acids 
by Cell-Free or Water-Soluble Enzyme Systems. J. Biol. 
~he~ 199, 421-431. 
Brady, R.O. (1958). The Enzymatic Synthesis of Fatty Acids by 
Aldol Condensation. Proc. ~:at. Acad. Sci. , U. S .A, i.:!_, 
993-998. 
Bucher, N.L.R. (1953). T~~ Formation of Radioactive Cholesterol 
and Fatty Acids from C-Labeled Acetate by Rat Liver 
Homogenates. J. Amer. Chem. Soc. ?..:i_, 498-504. 
Catravas, G.N. and Anker, H.S. (1958). On the Restoration of 
Fatty Acid Biosynthcsis After Fasting. J. Biol. Chem. 232, 
669-680. 
Catravas, G.N. and Anker, H.S. (1958a). On the Regulation of 
Fatty Acid Biosynthesis of Lipogenin. !;'ro~~_!Jat_:_ Aca_~~-§.£.i ._, 
U.S.A. _i!, 1097-1099. 
Catravas, G.N. 
Lipogenin. 
(1963). The Extru.ction and Purification of 
Diochim. Biophys. Acta._?.!}_, 331-335. 
Dituri, F. and Gurin, s. (1953). Lipogenesis by Homo ·onates of 
Particle-Free Extracts of Rat Liver. Arch ._ .. _Bi_~-h.~ r ~ _ _?io_phys_:_ 
43_, 231-232. 
Formica, J.V. and B~ady, R.O. (1959). The Enzymatic Carboxylation 
of Acetyl CoenzYJ\le A. J. Amer. Chem. Soc. g, 752-756. 
Foster, D.W. and Mcwhorter, W.P. (1969). Microsomes, Microsomal 
Phospholipids, and Fatty Acid Synthesis. J. Biol. Chem. 
~~~, 260-267. 
58 
Gibson, D.M., Titchener, E.B. and Wakil, S.J. (1958}. Require-
ment for B~carbonate in Fatty Acid Synthesis. J. Amer. Chem. 
Soc. ~' 2908-2912. 
Gibson, D.M., Titchener, E.B. and Wakil, S.J. (1958a). Studies 
on the Mechanism of Fatty Acid Synthesis. V. Bicarbonate 
Requirement for the Synthesis of Long Chain Fatty Acids. 
Biochirn. Biophys. Acta. 2.2_, 37G-383. 
Greenspan, M. and Lowenstein, J.M. (1967). Effect of Magnesium 
Ions and Adenosine Triphosphate on the Activity of Acetyl 
Coenzyrne A Carboxylase. Arch. Bi_och~!!l~ __ J?io_ph¥s ~ 118, 26 0-
263. 
Gregolin, C., Ryder, E., Warner, R.C., Kleinschmidt, A.K. and 
Lane, M.D. (1966). !'lolecular Characteristics of Liver 
Acetyl Co A Carboxylase. Proc. Nat. Acad. Sci., U.S.A. 
56, 148-155. 
Gregolin, C., Ryder, E., Kleinschmidt, A.K., Warner, R.C. and 
Lane, M.D. (1966a). Liver Acetyl Co A Carboxylase: The 
Dissociation-Reassociation Process and Its Relation to 
.:atalytic l',ctivity. Proc. Nat. Acad. Sci., U.S.A. ~' 
1751-1758. 
Lowry, O.H., Rosenbrough, N.J., Farr, A.L., and Randall, R.J. 
(1951). Protein ~easurement with the Folin Phenol Reagent. 
J. Biol. Chem._ 193, 265-275. 
Lynen, F. (1953). Functional Group of Coenzyme A and Its Metabolic 
Relations, Especially in The Fatty Acid Cycle. Fed. Proc., 
Fed. Amer. Soc. Exp. Biol • .!2_, 683-685. 
Lynen, F., Knappe, J., Lorch, E., Jutting, G., and Ringelmann, E. 
(1959). Biochemical Functions of Biotins. Angew. Chem • .:z.l:_, 
481-486. 
Lynen, P. (1961). Biosynthesis of Saturated Fatty Acids. 
~ec"!...:___Proc. , _ _!"ed~.mer:_ S~c Exp. B_iol. 20_, 941-955. 
Majerus, P.W., Jacobs R., Smith, :-LB. and Morris, H.P. (1968}. 
'l'he Regulation of Fatty l\cid Biosynthesis in Rat Hepatomas. 
~· Biol. Chern. 243, 3588-3595. 
59 
Maragou~akis, M.E. (1969). Inhibition of Hepatic Acetyl Coenzyme A 
Carboxylase by Hypolipidr.:mlic l\gents. J. Biol. Chern.. 244, 
5005-5013. 
Maragoudakis, N.E. (1970). On The Mode of Action of Lipid-
lowering Agents. II. In Vitro Inhibition of Acetyl Coenzyme A 
Carboxylase by a Hypolipidemic Drug. Bioc~ernistr~ ~' 413-417. 
Martin, D.B. and Vagelos, P.R. (1962). The Mechanism of Tri-
carboxylic Acid Cycl<.. Regulation of Fatty Acid Synthesis. 
J. Biol. Chem. 23~, 1787-1792. 
Matsuhaski, M., Matsuhaski, s. and Lynen, F. (1964). The 
Biosynthesis of Fatty Jl.c.ids. V. Acetyl Coenzyrne A 
Carboxylase and Its Activation by Citrate. Biochim. 
Zh. 340, 263-289. 
Numa, s., Ringelman, E. and Lynen, F. (1964). The Biochemical 
Function of Biotin. VIII. The Binding of Carbonic Acid to 
'l'he Carboxylated Acetyl Coenzyme A Carboxylase. Bioc_!1im. 
Zh. 340, 228··242. 
Numa, S., Goto, T., Ringelmann, E. and Riedel, B. {1967). Studies 
on the Relationship Between Activity and Struct.ure of Liver 
Acetyl Co A Carboxylase. Effects of ~''lcignGsium Ions, Adenine 
Nucleotides and Acetyl Co A. Eur. J. Biochem. ~, 124-128. 
Oyama, v.r. and Eagle, H. (1956). Measurement of Cell Growth in 
Tissue Culture with Phenol Reagent. Proc. Soc. Exp. Biol. 
Med._ 91, 305-307. 
Porter, J.W., Wakil, S.J., Tietz, A., Jacob, M.J. and 
Gibson, D.M. (1957). Studies on the Mechanism of 
Fatty Acid Synthesis. II. Cofactor Requirements of the 
Soluble Pigeon Liver System. Biochim. Biophys. Acta 
25, 35-41. 
Ryder, E., Gregolin, C., Chang, H.C. and Lane, M.D. (1967). 
Liver Acetyl 
Mechanism of 
Acetyl Co l1.. 
1459. 
Co A Carboxylase: Insig~t into the 
Activation by Tricarboxylic Acids and 
Proc. Nat. Acad. Sci., U.S.A. 22_, 1455-
Seubert, W. , Freull, F. and Lyn en, F. ( 19 5 7) • The Synthesis 
of Fatty Acids by Means of Purified Enzymes of the 
Aliphatic Series. Angew. Chem. 69, 359-364. 
Spencer, A.F. and Lowenstein, J.M. (1967). Citrate Content 
of Liver and Kidney of Rat in Various Metabolic States 
and in Fluoroacetate Poisoning. Biochem. J. 103, 342-
348. 
Stadtman, E.R. and Barker, II.A. (1949). Fatty Acid Syn-
thesis by Enzyme Preparations of Clostridium Kluyveri. 
I. Prepara ti·)n of Cell-Free Extracts that Catalyze the 
Conversion of Ethanol and /l.cetate to Butyrate and 
Caproate. J. Biol. Chem. 180, 1085-1093. 
Stadtman, E.R. and Barker, H.A. (1949a). Fatty Acid Syn-
thesis by Enzyme Preparations of Clost~idium Kluyveri. 
III. The Activation of Molecular H~drogen and the 
Conversion of Acetyl Phosphate and Acetate to Butyrate. 
~~Biol_:__Srwm. 180, 1169-1186. 
Swanson, R.F., Curry, W.M. and Anker, H.S. (1967). The 
Activation of Rat Liver Acetyl Co A Carboxylase by 
Trypsin. Proc. Nat. Acad. Sci., U.S.A. ~' 1243-1248. 
Vagelos, P.R., Alberts, A.W. 3.nd Martin, D.B. (1963). 
Studies on the Mechanism of Activation of Acetyl 
Coenzyme A Carboxylase by Citrate. J. Biol. Chem. 
238, 533-540. 
60 
Waite, M. and Wakil, s.J. (1963). Studies on the 
of Action of Acctyl Cocnzyme J\ Carnoxylasc. 
of Isocitrate on the Transcarboxylation Step 
Coenzyrnc A Carbo~ylase. J. Biol. Cherr. 238, 
Mechanism 
I. Effect 
of Acetyl 
77-80. 
Wakil, S.J., Porter, J.W. and Gibson, D.M. (1957). Studies 
on the Mechanism of Fatty Acid Synthesis. I. Prepara-
tion and Purification of an Enzyme System for Reconstruc-
tion of Fatty Acid Synthesis. Biochim. Biophys. Acta ~,. 
453-461. 
Wakil, S.J., Titchener, E.B. and Gibson, D.M. (1958). 
Evidence for the Participation of Biotin in the Enzymic 
Synthesis of Fatty Acids. Biochirn. Biophys. Acta 29, 
225-226. - -
Wakil, S.J., Titchener, E.B. and Gibson, D.M. (1959). 
Studies on the Mechanism of Fatty Acid Synthesis. 
V]... Spectrophotometric Assay and Stoichiometry of 
Fatty J\cid Synthesis. Biochim. Biophys. Acta 34, 
227-233. 
Wakil, S.J. and Ganguly, J. (1959a). Mechanism of Fatty 
Acid Synthesis. J. Amer. Chem. Soc. 81, 2597-2598. 
61 
ABSTRACT 
l'i.bstract; of the dissertation enti·C.led "LIPOGENir~ &'JD FATTY 
ACID BIOSYNTHESIS" submitted by Paul B. Wieser in partial ful-
fillment of ~~e requirements for the degree of Doctor of Philo-
osophy, February, 1973. 
The effect of lipogenin, a stimulator of fatty acid bio-
synthesis, on the enzyme acetyl Co 'f.. carboxylase has been 
studied. 
Lipogenin was obtained from the liver of rats which had 
been maintained on a high carbohydrate, fat-free diet. 'l'he 
material was extracted from the liver by boiling in water 
for 5 minutes. The extract was purified by passage thruugh 
two Dowex-1-formate columns and one Dowex-50-ammonium column. 
The lipogenin was assayed by measuring the increase in in-
corporation of 14c-labeled acetate into fatty acids. 
Acetyl Co A carboxylase was isolated from the liver of 
50 rats and purified through the calcium phosphate gel ab-
sorption and dialysis steps of the purification method of 
Ma.jerus et al. (J. Biol. Chem. 243, 3588, 1968). The en-
zyme assay was based on the incorporation of 14c-labeled bi-
carbonate into malonyl Co A. 
Lipogenin was found to be able to replace the citrate 
requirement for activation of acetyl Co A carhoxylase. The 
enzyme is isolated in an inactive monomeric form and pre-
incubation for 30 minutes at 37°C is required for conversion 
of the enzyme to an active polymeric form. This investiga-
tion has confirmed the magnesium ion requirement for activa-
tion. Lipogenin can replace citrate in the activation reaction. 
It has also been observed that some activation of the 
enzyme can take place in the presence of ATP if lipogenin is 
also present. In the absence of lipogenin, ATP will cause 
an inhibition of the activation process. 
Lipogenin has been found to exert no effect on the cata-
lytic reaction of the enzyme after the activation step. There 
was no significant effect on the Km or Vmax of the enzyme with 
respect to two of the enzymes substrates, ATP and acetyl Co A, 
in the presence of lipogenin. 
It has therefore been concluded that lipogenin possesses 
the requirements necessary for an in vivo regulator of acetyl 
Co A carboxylase activity. 
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